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ANTIGEN-PRESENTING CELLS AND THEIR USE IN THERAPY 



Field of the invention 

[0001] The present invention is in the field of immunotherapy. The invention relates to a novel type 
of antigen presenting cells, capable of down-regulating T cell responses, and thus suitable for use in 
the treatment of autoimmune diseases, allergy and transpantation. 
Introduction 

[0002J For the generation of a specific immune response, the antigen-presenting cell (APC) plays 
a central role by recruiting and interacting with Ag-specific CD4+ and CD8+ T cells, leading to 
activation of all three cell-types involved (1-4). The stimulatory capacity of APC can be modulated 
through signals from the micro-environment, such as cellular interactions (e.g. CD40/CD40L) or 
soluble factors (e.g. DL-12, IL-10), which could lead to alterations in the cytokine production by 
APC, as well as in its ability to induce proliferation or cytokine production in T cells (2-6). APC 
could also be crucial participants in the maintenance and re-establishment of peripheral tolerance 
through the formation of immunoregulatory clusters, in which the APC serves to bring together 
regulatory T cells and T cells that are to be regulated (7). Immunotherapy aiming at the specific 
modulation of APC function could therefore be a novel approach for intervention in T cell- 
mediated disease processes. 

[0003] Regulatory T cells are part of the normal peripheral T lymphocyte pool (8, 9). They can 
function by suppressing aberrant immune reactivity, e.g. in the case of autoimmunity, or by 
terminating an immune response to prevent chronic inflammation. Several T cell subsets have been 
proposed to mediate protective immunoregulatory effects, including Th2 cells (10), IL-10 or TGFp 
producing cells (1 1, 12), CD45RC ,0W cells (13) and CD4+CD25+ T cells (14-16). Recently, it has 
been shown that also anergic T cells can function as regulatory T cells by suppressing the responses 
of other T cells (17-19). In a previous paper of our group we described that anergic T cells exerted 
their suppressive effects in an active and Ag-specific manner, which was dependent on cell-cell 
contact between anergic T cells and APC, and was not mediated via soluble factors (19). 
[0004J T cell anergy has been proposed to be one of the mechanisms to maintain peripheral 
tolerance (20), and can be defined as a cellular state in which a T cell is alive but fails to proliferate 
and produce IL-2 upon antigenic restimulation under otherwise stimulatory conditions (21). 
However, although in general anergy has been regarded as a way to functionally inactivate e.g. 
autoreactive T cells, based on the recent findings it should be considered that anergic T cells can be 
involved as active regulators of the immune response as well (19). A way of anergy induction 
which could operate under physiological circumstances is T-T presentation. Activated human and 
rat T cells express major histocompatibility complex (MHC) class II molecules on their surface, 
and can therefore present Ag to other T cells (22, 23). It was shown for both human and rat T cells 
that Ag presentation by T cells resulted in T cell anergy rather than T cell activation upon antigenic 
restimulation (17, 19, 24). 
Summary of the invention. 

[00051 It is found that rat CD4+ T cells which are rendered anergic through T-T presentation, 
down-regulate the T cell-activating capacity of the APC in an Ag-specific manner. Upon removal 
of the anergic T cells, the tolerogenic phenotype of APC persisted, indicating that anergic T cells 
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conditioned the APC to become a mediator of T cell suppression. Importantly, anergic T cells were 
able to turn previously activated APC into tolerogenic APC. Thus the exact tuning of the APC by 
anergic T cells is supposed to be a key event in the regulation of the immune response. 
[0006] The invention thus pertains, in a first aspect, to isolated tolerogenic antigen-presenting 
5 cells (APC). The tolerogenicity of these APC can be induced by treatment of an APC with anergic T 
cells or active components or analogues thereof under tolerogenicity-inducing conditions, and the 
tolerogenicity is characterised by a) reduced induction of T cell activation upon T-cell receptor 
ligation and by b) a dominant tolerogenic effect. The reduced induction of T cell activation can be 
determined by measurement of proliferation, measurement of cytokine production, measurement of 

10 cytotoxicity and measurement of expression of activation cell surface markers. The reduced induction 
is such that the T-cell response is inhibited by the resulting tolerogenic antigen-presenting cell by at 
least 50%. The treatment of the APC with anergic T cells or components or analogues thereof 
typically proceeds in the presence of their specific peptide/MHC complex (autoantigen, allergen) on 
the APC. The active components or analogues to be used for rendering the APC tolerogenic, are 

15 derived from anergic T cells or mimick the component or action of the component(s) on the antigen 
presenting cell that is or are responsible for the development of tolerogenicity. The tolerogenicity is 
maintained after separating the antigen presenting cells from the anergic T cells or the components to 
induce tolerogenicity. The APC are especially professional APC, i.e. B cells, macrophages and 
dendrites and combinations thereof, especially B cells or macrophages. 

20 [0007] In a second aspect, the invention pertains to a pharmaceutical composition comprising a 
tolerogenic antigen-presenting cell as defined above in combination with a pharmaceutical carrier. 
The composition can be in any medicinal dosage form, in particular formulations for subcutaneous 
and intravenous injection. Tolerogenic APC can be dispensed in isotonic solutions suitable for sub- 
cutaneous and intravenous injection. In total 0.5 million to 50 million tolerogenic APC per kilo 

25 body weight will be injected to achieve a therapeutic benefit as determined by standard clinical 
procedures. 

[0008] Advantageously, the composition also comprises a therapeutic peptide or protein, in 
particular an auto-antigen or an allergen. Suitable examples thereof are myelin basic protein (MBP), 
myelin oligodendrocyte-associated protein (MOG), collagen, heat-shock proteins, Der PI, Fel Dl, 

30 acetylcholine receptor molecules. The composition may also comprise a minor and major histo- 
compatibility complex (MHC) peptide or protein (see example 3). The heat-shock proteins are 
especially mycobacterial hsp65, hsp 60 (GroEL), DnaJ, hsp70 family (DnaK), ubiquitin, hsplO 
(GroES), low molecular weight hsp's (20-30 kDa), hsp47, hsp56, TCP-1 (T complex peptide), hsp90, 
hsp 104/1 10, or the fragments of 7-50 amino acids of such heat shock proteins as selected according to 

35 the method of WO 95/25744, which is herein incorporated by referefence. 

[0009] The therapeutic peptide or peptide may also be a peptide or protein suitable for the 
prophylaxis or treatment of arthritis, as described in PCT/NL99/00189, incorporated herein by 
reference. Such peptides or proteins comprise a contiguous sequence of 9 amino acid residues X1-X2- 
X3-X4-X5-X6-X7-X8-X9, wherein X2, X6 and X7 are any amino acid, X 1 is any amino acid except 

40 K,H,R,E,D, X3 is S or T, X4 is one of F,L,I,V, A,G,C,P, X5 is one of A,G,C,P,S,N,T,V, X8 is one of 
V,L,I,M, and X9 is E or D. Such a peptide typically has 9-50 aminoacids, and can be derived from a 
mammalian cartilage, joint or arthritis-related protein such as collagen or a cartilage protein, and be 
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capable of being recognised by freshly isolated A2b-like T cells from rats in which Adjuvant Arthritis 
is induced and/or be capable of being recognised in vitro by T cell clone A2b. 
[0010] The addition of a therapeutic peptide or protein is especially useful in an alternative mode 
of treatment. According to this alternative mode, APC from the patient's blood can be made tolero- 
5 genie with T cells which are not derived from the patient (e.g. a T cell line) and which were made 
anergic by incubation with an antigen not related to the disease to be treated, e.g. an influenza 
antigen. The APC thus rendered aspecifically tolerogenic can then be administered together with an 
antigen related to the disease to be treated, e.g. a cartilage peptide in case of a rheumatoid disease. 
[0011] Therapeutic antigens can be added at a concentration ranging from 0.1 to 100 microgram 
10 per milliliter to the culture medium containing autologous APC and anergic T cells during an 
overnight incubation step. The next day excess (non-bound) therapeutic antigen can be removed by 
applying multiple washing steps. After injection of tolerogenic APCs loaded with therapeutic 
antigen, disease-specific T cells reactive with the therapeutic antigen will be down-regulated in 
vivo and as a result disease activity will be reduced. 
15 [0012] The pharmaceutical composition of the invention may also contain the tolerogenic APC in 
artificial form, e.g. in the form of a liposome, to which the functionalities of the APC are bound, such 
that it is capable of effecting the reduced T-cell induction. MHC-containing-liposomes can be 
produced, e.g. from egg-yolk phosphatidylcholine, phosphatidylglycerol, cholesterol and purified 
MHC molecules through detergent removal. Relevant peptides are loaded on the incorporated MHC 
20 molecules. Specific components needed for the functionality of the tolerogenic aritifcial APC can be 
incorporated into the lipid bilayer or included in the liposomes. Such specific components can be 
identified by determining the difference in expression profile of cytokines and cell surface proteins 
between non-tolerised APC and tolerogenic APC. The cytokines and/or cell surface proteins and/or 
other soluble factors associated with the tolerogenic APC and not with the non tolerised APC are then 
25 bound to the liposome. Liposome particle sizes may range from e.g. 50 to 250 nm. The tolerogenic 
liposomes can be administered in amounts corresponding to those for the APC described above. 
[0013] In a still further aspect, the invention pertains to a method for inducing T-cell tolerance, 
which method comprises administering to a subject requiring such induction a therapeutically 
effective amount of a tolerogenic APC as defined above or a pharmaceutical composition containing 
30 it. Such induction may be required in the prophylaxis and/or treatment of auto-immune diseases, 
including rheumatoid arthritis, multiple sclerosis, psoriasis and diabetes, or for alleviating allograft 
rejection phenomena or for the treatment of allergies. The dosages to be administered can be 
determined by the skilled immunotherapist taking into account the nature and level of the diseased 
state, and the status of the subject in need of treatment 
35 [0014] The invention furthermore relates to a method for determining the identity of and 
subsequently optionally isolating or producing a factor or factors responsible for the inhibition of 
antigen specific T-cell response. Such method may require determining the difference in expression of 
cytokine and cell surface proteins between APC that are normal i.e. have not undergone the 
tolerogenicity-inducing treatment defined above, and tolerogenic APC. Alternatively, nucleic acid 
40 sequences encoding such factors can be identified and produced, by determining the difference in 
mRNA expression of cytokine between such normal and tolerogenic APC. Established technologies 
to determine differential gene expression should be applied. Such technologies include differential 
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PCR, substractive cDNA library and gene array technology known to individuals skilled in the art. 
Detailed description of the invention 

[0015] It was found according to the invention that anergic T cells down-regulate the T cell- 
5 activating capacity of APC. APC down-regulation was induced by anergic T cells in an Ag-specific 
manner. Importantly, we found that the T cell-activating capacity of APC remained down-regulated 
after the anergic T cells were removed. This indicated that anergic T cells conditioned the APC in 
such a way that the APC became tolerogenic itself. The modulated APC could thus function as a 
temporal bridge for T cell suppression, in analogy with the recent findings of a conditioned APC 

10 being a temporal bridge for T cell activation (2). Interestingly, once down-regulation of the T cell- 
activating capacity of the APC was established, it also affected T cell responses directed to other 
epitopes presented by the same APC (linked suppression). Moreover, we found that anergic T cells 
were able to modulate APC previously activated in vitro or in vivo, demonstrating the dominant 
nature of the tolerogenic effect mediated by anergic T cells. 

15 [0016] Modulation of the T cell-activating capacity of APC has been reported in several studies. 
Modulation can be mediated via down-regulation of costimulatory molecules on APC, as was 
shown in a study using macrophages infected with Leishmania infantum parasites (43). In addition, 
soluble factors such as prostaglandin E2 or IL-10 can alter the stimulatory capacity of APC (44-47). 
Modulation of APC was shown furthermore in a study using APC infected with listeriolysin- 

20 secreting Listeria monocytogenes, which resulted in altered MHC class H/peptide complexes, and 
the subsequent induction of T cell anergy in responding T cells (48). The active induction of a T 
cell-inhibitory phenotype in APC by anergic T cells appears to be, however, a sofar not identified 
immunoregulatory pathway. In our experiments, the reduced T cell-activating capacity of APC pre- 
cultured with anergic T cells was not associated with selective up- or down-regulation of MHC 

25 class II, B7-1/B7-2, or ICAM-l/LFA-1. Furthermore, APC modulation was not mediated via Th2 
cells or IL-10/TGFp producing cells as proposed in other cases (10-12). We have shown previously 
that the suppressive effect of anergic T cells was not mediated by inhibitory soluble factors, but 
instead was dependent on cell-cell contact between anergic T cells and APC (19). Interestingly, as 
anergic T cells were able to modulate APC previously activated in vitro or in vivo, APC modulation 

30 was probably not due to the absence of a molecule on anergic T cells that is involved in APC 
activation (e.g. CD40L, OX40), but instead, anergic T cells will express a certain surface molecule 
which upon interaction with its ligand on APC, turns off the APC. The ligand will be present on all 
APC, as we found that down-regulation of the T cell-activating capacity of APC occurred 
irrespective of the APC source used. 

35 [0017] It is concluded that whereas helper CD4+ T cells serve to initiate an immune response 
(49), anergic CD4+ T cells function to control an ongoing immune response via modulation of the 
APC. As anergic CD4+ T cells are part of the normal peripheral T cell pool, they provide a useful 
source of immunoregulatory T cells. Recently, Shevach and co-workers demonstrated the existence 
of a unique population of immunoregulatory CD4+CD25+ T cells (15, 16). The T cells described in 

40 their reports share remarkable phenotypic and functional similarities with the anergic T cells used 
in our experiments, and might therefore represent the naturally occurring anergic T cell population 
with immunosuppressive capacities. The specificity of the modulatory effect is secured by the fact 
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that anergic T cells only modulate APC which present their cognate ligand, but importantly, T cell 
responses directed to additional epitopes presented by the same APC are affected as well. Via this 
latter phenomenon of linked suppression, the modulated APC might be involved in the induction of 
anergy in the responding T cells, resulting in infectious tolerance (50, 51). Fine-tuning of the 
5 modulatory effects seems to occur as the suppressive capacity of anergic T cells was found to 
depend on their level of T cell anergy (52, 53). 

[0018] As such, anergic T cells should be regarded not only as tolerised cells, but also as active 
tolerising cells through their capacity to induce APC with tolerogenic function. The Ag-specific 
induction of anergic T cells may offer therefore a profitable means to reinforce tolerance in 
10 situations of chronic inflammation, such as occur during autoimmunity, allergy or transplant 
rejection. 

[0019] Anergic T cells are active mediators of T cell suppression (19). In co-culture experiments, 
anergic T cells derived from established rat T cell clones and rendered anergic via T cell 
presentation of the specific antigen (Ag), were active inhibitors of T cell responses. Anergic T cells 

15 inhibited not only the responses of T cells with the same antigen specificity as the anergic T cells, 
but were also capable of efficiently inhibiting polyclonal T cell responses directed to other 
epitopes. This suppression required cell-cell contact between antigen-presenting cells (APC), 
anergic T cells and responder T cells, and only occurred when the epitope recognised by the 
anergic T cell was present. The suppression was not caused by passive competition for Iigands on 

20 the APC surface, IL-2 consumption, or cytolysis, and was not mediated by soluble factors derived 
from anergic T cells that were stimulated with their specific Ag. When responder T cells were 
added 24 hours after co-culturing anergic cells in the presence of Ag and APC, T cell responses 
were still suppressed, indicating that the suppressive effect was persistently present. Importantly, 
APC previously capable of stimulating T cells were tolerogenic after incubation in the presence of 

25 anergic T cells. 

[0020] We compared the effects of Ag presentation by T cells and professional APC on T cell 
proliferation, cytokine production and surface molecule expression (54). Ag presentation by T cells 
(T-T presentation) and by professional APC (APC-T presentation) induced an initial T cell 
activation phase as measured by proliferation and IL-2 production. However, during T-T 

30 presentation these responses were lower as compared to Ag presented by APC. In contrast to APC- 
T presentation, T-T presentation resulted in T cell anergy, as shown by a failure to proliferate or 
produce IL-2 or IFN upon restimulation with Ag presented by APC. The induction of T cell 
anergy could not be prevented by addition of rIL-2, indicating that anergy was not due to TCR 
ligation in the absence of sufficient IL-2. Furthermore, T cells prior activated via T-T presentation 

35 did proliferate and produce cytokines upon restimulation with mitogenic stimuli in the presence of 
APC, indicating that these T cells were not intrinsically defective in their signal transduction 
pathways. FACS analysis did not reveal differential effects of T-T presentation and APC-T 
presentation with respect to the expression of CD2, CD4, CD25, CD28, MHC class I and II, and 
adhesion molecules on activated T cells. In contrast, TCR and CD3 were down-regulated more 

40 profoundly during T-T presentation than during APC-T presentation. Moreover, no up-regulation of 
CD80, CD86, CD45RC and OX40 (CD 134) was observed during T-T presentation, whereas 
increased expression of these molecules was observed during APC-T presentation. Interestingly, 
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upon antigenic restimulation in the presence of APC, T cells prior activated via T-T presentation 
still failed to up-regulate these cell surface molecules. The impaired expression of costimulatory 
and activation molecules (e.g. CD80, CD86, CD45RC and OX40) on T cells after T-T presentation 
of Ag might therefore lead to altered interactions between T cells and APC upon antigenic 
5 restimulation. We propose that T cell anergy is a functional consequence of these altered T cell- 
APC interactions. 

[0021] T cell anergy has been proposed as one of the mechanisms underlying peripheral T cell 
tolerance. In recent years, the functional relevance of T cell anergy has been studied extensively in 
vitro and in vivo, using different species, cell systems and ways to induce anergy. Although these 

10 studies concurred about the induction of unresponsiveness, conflicting findings were obtained with 
respect to the function of anergic T cells, and to the persistence of T cell anergy. We have studied T 
cell anergy induced through T-T presentation of the specific antigen by rat MHCO+ T cells in the 
absence of professional APC (53). We have shown show that, depending on the Ag dose with 
which T cells were incubated, distinct anergic phenotypes were induced. Incubation of T cell 

15 clones with a low (suboptimal) Ag dose induced hyporesponsiveness. Incubation with a higher 
(optimal) Ag dose induced an anergic state capable of exerting immunoregulatory effects. 
Incubation with a high (supraoptimal) Ag dose led to an anergic suppressive phenotype that was 
persistent and was not reversed by APC, Ag and rIL-2. These findings demonstrate that T cell 
anergy is not confined to a single state of functional inactivation. Instead, multiple levels of T cell 

20 anergy exist. Anergic T cells can thus contribute to regulation of the immune response either in a 
persistent and active manner, or in a passive manner, depending on their level of T cell anergy. 

EXAMPLES 
EXAMPLE 1 
25 Materials and methods 

[0022] Rats, T cells and Ag 

7-10 week old male inbred Lewis rats (RT1. L ) were obtained from the University of Limburg 
(Maastricht, the Netherlands). The isolation, maintenance and properties of the CD4+ T cell clones 
A2b (25) and Zla (26) have been described previously. In brief, T cell clone A2b was derived from 

30 the draining inguinal lymph nodes (LN) of a Lewis rat immunised with Mycobacterium 
tuberculosis (Mt) in IFA in the base of the tail. A2b is specific for the mycobacterial 65 kD heat 
shock protein (HSP65) peptide 180-188 (27), and its longer variant peptide 176-190 (28), both of 
which bind to the Lewis rat MHC class II molecule RT1.B L . T cell clone Zla was derived from the 
draining popliteal LN of a Lewis rat immunised with myelin basic protein (MBP) in CFA in the 

35 hind footpads. Zla recognises peptide MBP72-85 and the peptide analogue MBP72-85 s ?9a (S79A), 
which has a higher RT1.B L binding affinity than the native peptide (29). 
[0023] In vitro culture of APC and anergic T cells 

Anergy of A2b or Zla was induced through T-T presentation as described previously (19). In brief, 
A2b or Zla T cells (3xl0 6 cells/ml) were incubated with their respective stimulatory peptides 176- 
40 190 (10 jig/ml) or S79A (50 ^g/ml) in the absence of professional APC. After overnight culture, 
viable T cells were collected by Ficoll-Isopaque gradient centrifugation, and maintained in culture 
medium (Iscove's Modified Dulbecco's Medium (IMDM) supplemented with L-Glutamine (2 
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mM), p-mercaptoethanol (50 pM), penicillin (50 U/ml), streptomycin (50 U/ml) and 2% heat- 
inactivated normal rat serum, or 10% heat-inactivated FCS (PAA Laboratories)) in the absence of 
exogenous rIL-2. Anergic T cells were added to APC cultures 3 to 7 days after anergy induction. 
For APC, splenocytes were used, derived from naive specific pathogen free (SPF) Lewis rats after 
5 Ficoll-Isopaque gradient centrifugation. Splenocytes (1.2xl0 7 cells/ml) were pulsed with peptide 
176-190 (10 ^ig/ml) or S79A (50 jig/ml) for 1-2 hours at 37°C. Peptide-pulsed splenocytes 
(2xl0 6 /ml) were cultured with non-anergic or anergic T cells (4xl0 5 /ml) at a 5 : 1 ratio in 5-ml 
cultures in 6 wells plates (Costar) for 16-20 hours in culture medium. In some experiments, 
splenocytes were cultured with both non-anergic and anergic T cells at a 5 : 1 : 1.5 ratio, added 
10 either simultaneously, or anergic T cells were added 6 hours after non-anergic T cells. 
[0024] T cell depletion and testing of the T cell-activating capacity of APC 
M-450 goat-anti-mouse IgG Dynabeads (Dynal) in PBS (2xl0 8 /ml) were coated overnight at 4°C 
with 0.1 mg/ml purified R73 (anti-TCRap mAb) (30) and 0.5 v/v of 0X34 (anti-CD2 mAb) (31) 

hybridoma cell culture supernatant in PBS + 1% rat serum. For T cell depletion, APC/T cell 

15 cultures were incubated with mAb-coated beads (5 beads per target) for 30-45* at 4°C while rolling, 
followed by magnetic depletion. Depletion of T cell clones A2b and Zla was confirmed by FACS 
analysis. No differences in recovery, composition, or viability of isolated APC were observed 
between splenocytes pre-cultured with non-anergic or anergic T cells. Isolated APC (1x10 s per 
well) were added in triplicate cultures to responder T cells (2xl0 4 per well) in flat-bottomed 96 

20 wells plates in culture medium without or with additional Ag, and proliferative responses were 
assessed by [ 3 H]thymidine incorporation during the last 1 8 hours of a 96 hours assay. Alternatively, 
after overnight APC/T cell culture, non-adherent cells were removed by gentle resuspension. 
Adherent APC were washed twice with IMDM (37°C), by incubating the cells for 30' at 37°C, 
followed by removal of the medium. A2b responder cells were added at different concentrations to 

25 the adherent cells in culture medium. After 3 days, non-adherent (A2b) cells were collected, 
transferred to 96-weIls plates and [ 3 H]thymidine was added for 16 hours. For polyclonal ex vivo 
responses, inguinal LN cells (ILNC) were isolated 14 days after immunisation of Lewis rats with 
100 Mt in IFA (10 mg/ml) in the base of the tail. Popliteal LN cells (PLNC) were isolated 10 
days after immunisation of Lewis rats with 50 p.1 of a 1:1 emulsion of MBP72-85 (1 mg/ml) in CFA 

30 (Mt, 4 mg/ml) in each hind footpad. Ex vivo polyclonal responses were measured by culturing LNC 
(2xl0 5 per well) with Mt (10 ng/ml) or MBP72-85 (10 ^g/ml) in the absence or presence of non- 
anergic or anergic T cells (2xl0 4 or 6xl0 4 per well). 
[0025] Flow cytometry 

Depletion of T cell clones A2b and Zla was confirmed by FACS analysis, by staining with mAb 
35 R73 and 0X34. T cell clones A2b and Zla are R73 high and 0X34^, and upon T cell depletion this 
population was absent. For characterisation of the isolated APC population the following mouse- 
anti-rat mAb were used: 0X33 (IgGl, B cells) (32), OX41 (IgG2a, macrophages/DC) (33) and 
0X62 (IgGl, DC) (34). Upon depletion using magnetic beads, the majority of the APC population 
(>90%) consisted of 0X33+ cells (B cells). Expression of surface molecules on isolated APC was 
40 investigated using the following mouse-anti-rat mAb: OX-6 and OX- 1 7 (anti-MHC class II 
molecules RT1.B L and RT1.D L , IgGl) (35), 3H5 and 24F (anti-B7-l and B7-2, IgGl, kind gifts 
from Dr. H. Yagita), 1A29 (anti-ICAM- 1 , IgGl, Pharmingen), and WT.I (anti-LFA-1, IgG2a, 
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Pharmingen). Isotype controls were UD15 (anti-chloramphenicol, IgGl) (36) and 1E7 (anti-ovine 
IgE, IgG2a) (37). The FACS labelling procedure was performed by incubating cells for 30' at 4°C 
with the appropriate amount of mAb diluted in FACS buffer (PBS, 1% BSA, 0.1% NaN 3 , 4% rat 
serum), followed by two rounds of washing. Cells were incubated with FITC-conjugated goat-anti- 
5 mouse secondary Ab (Becton Dickinson) for 30' at 4°C, washed twice, and analysed on a FACScan 
(Becton Dickinson) using the FL1 channel. 
RESULTS 

[0026] Anergic T cells specifically down-regulate the T cell-activating capacity of APC 
Anergy was induced in the rat CD4+ T cell clones A2b and Zla through T-T presentation, as 

10 described previously (19). In brief, T cells (3xl0 6 /ml) were incubated overnight with their 
respective stimulatory Ags, the mycobacterial HSP65 peptide 176-190 (10 ^g/ml) or MBP72-85 
peptide analog S79A (50 jig/ml) in the absence of added professional APC (T-T presentation). 
Viable T cells were collected, rested, and 3 to 7 days after anergy induction, anergic T cells were 
added to peptide-pulsed splenocytes derived from naive Lewis rats. As control, splenocytes were 

15 cultured with non-anergic T cells. After overnight culture T cells were depleted using magnetic 
beads coated with mAbs R73 and 0X34, directed to TCRa(3 and CD2 respectively. T cell depletion 
was confirmed by FACS analysis. T cell clones A2b and Zla are R73 high and OX34 Wgh and these 
populations were absent upon T cell depletion (Fig. 1 A, B). The majority of the isolated APC were 
0X33+ B cells (>90%, Fig. 1C). No differences in cell composition, recovery and viability of the T 

20 cell-depleted APC population were observed after pre-culture with non-anergic or anergic T cells 
(data not shown). To investigate the T cell-activating capacity of pre-cultured APC, isolated APC 
(lxl0 5 /well) were cultured with responder T cells (2xl0 4 /well), in the absence or presence of 
additional Ag, and [ 3 H]thymidine incorporation was measured after 4 days. 

[0027] Following the above described protocol, peptide 176-190-pulsed splenocytes were pre- 

25 cultured overnight with anergic A2b cells. As control, splenocytes were pre-cultured with non- 
anergic A2b cells, non-anergic Zla cells or anergic Zla cells. After overnight culture, T cells were 
depleted, and the isolated APC populations were cultured with A2b cells as responder cells. The T 
cell-activating capacity of APC was assessed in a standard lymphocyte proliferation assay. Fig. 2A 
shows that the T cell-activating capacity of APC pre-cultured with anergic A2b cells was reduced 

30 with >50%, as compared to APC pre-cultured with non-anergic A2b. The APC modulation was Ag- 
specific, as. anergic Zla cells, specific for peptide S79A, did not modulate APC pulsed with peptide 
176-190 (Fig. 2B). Importantly, the T cell-activating capacity of 176-190-pulsed APC pre-cultured 
with (non) anergic Zla cells or non-anergic A2b cells was comparable, indicating that the observed 
difference between non-anergic and anergic A2b cells was not due to up-regulation of the T cell- 

35 activating capacity of APC by non-anergic A2b cells. To circumvent the possibility that the APC 
pre-cultured with anergic A2b cells had internalised or shedded pre-formed RT1.B L /176-190 
complexes from the surface, exogenous peptide 176-190 was added during ihe proliferation assay. 
The addition of peptide, however, did not overcome the stimulatory deficiency (Fig. 2A). In this 
experiment, the addition of exogenous peptide did not strongly increase the response of A2b 

40 responder cells cultured with the control APC, due to the fact that the maximum proliferative A2b 
response was already reached with the peptide-pulsed APC (Fig. 2A, black bars). APC were not 
irradiated after depletion and before use in the proliferation assay. The use of irradiated APC, 
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however, yielded similar results (data not shown). 

[0028] The expression of MHC, costimulatory and adhesion molecules on isolated APC was 
investigated by FACS analysis in 5 independent experiments. No correlation was found between 
the specific down-regulation of the T cell-activating capacity of APC by anergic T cells and up- or 
5 down-regulated expression on APC of molecules involved in antigen-presentation (MHC I, II), 
costimulation (B7-1, B7-2) or adhesion (LFA-1, ICAM-1) (data not shown). 
[0029] Anergic T cells induce linked suppression via down- regulation of the T cell- 
activating capacity of APC 

Linked suppression has been described as inhibition of T cell proliferation to one Ag leading to 
10 inhibition of responses to additional Ags provided that all Ags are presented by the same cell 
surface (38, 39). It was shown recently that anergic T cells can induce linked suppression (19, 40). 
To study the mechanism of linked suppression induced by anergic T cells, splenocytes were pulsed 
with peptide 176-190 or peptide S79A, and cultured overnight with non-anergic or anergic A2b 
cells, or non-anergic or anergic Zla cells, respectively. After T cell depletion, APC were added to 
15 T cells specific for the ligand that was presented by the APC during pre-culture with anergic T cells 
(Fig. 3A, 3C), or to T cells specific for a different peptide, which was added to the cultures during 
the lymphocyte proliferation assay (Fig. 3B, 3D). In all cases, the stimulatory capacity of APC pre- 
cultured with anergic T cells was diminished during the second culture with either A2b or Zla T 
cells in the presence of their specific Ag. This showed that anergic T cells can induce linked 
20 suppression as shown in Fig. 3B and 3D, by modulating the stimulatory capacity of APC. 

[0030] Anergic T cells down-regulate the T cell-activating capacity of in vitro pre-activated 
APC 

Recent studies have shown that helper T cells can activate APC through CD40L-CD40 interactions 
to stimulate cytotoxic T cells (2-4). As no reagents against rat CD40 or CD40L are available so far, 

25 we pre-cultured peptide 176-190-pulsed APC with non-anergic A2b cells, and we added anergic 
A2b cells either simultaneously (t=0), or after 6 hours (t=6). As has been described previously 
CD40L is expressed optimally at 6 hours after T cell activation (41, 42), and this period is 
sufficient to activate APC via CD40L-CD40 interactions (42). After overnight culture, T cells were 
depleted and the T cell-activating capacity of APC was investigated. Fig. 4 shows that when 

30 anergic T ceils were added 6 hours after non-anergic A2b T cells, the anergic cells were still able to 
modulate the T cell-activating capacity of APC (t=6, open bars). This indicated that anergic T cells 
were able to overrule the activation signals previously delivered by the non-anergic (helper) T cells. 
Fig. 5 shows a control experiment to test the activation state of the APC after 6 hours. A2b cells 
were cultured with 176-190-pulsed splenocytes, and anergic T cells were added either 

35 simultaneously, or after 6 hours. When anergic A2b cells were added simultaneously in culture as 
responder A2b cells, suppression was observed (Fig. 5, t=0). However, anergic T cells were not 
able to suppress A2b cells that were already activated by APC for 6 hours (Fig. 5, t=6), probably 
because these T cells did not interact anymore with the APC. This indicated that the chosen time- 
span of 6 hours, to allow full activation of the APC, was indeed sufficient. 

40 [0031] Anergic T cells down-regulate the T cell-activating capacity of adherent APC 

The previous experiments were performed with B cells as APC. We next investigated whether 
anergic T cells were able to modulate adherent APC, such as macrophages. Peptide 176-190-pulsed 
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splenocytes were pre-cultured with non-anergic or anergic A2b cells. After overnight culture, non- 
adherent (T and B) cells were removed by gentle resuspension. Adherent cells were washed twice 
with Iscove's medium (37°C), and A2b responder cells were added at different concentrations to 
the adherent APC. After 3 days of culture, A2b T cells were collected and the proliferative 
5 response was assessed by [ 3 H]thymidine incorporation. In line with our findings described for B 
cells, we found that adherent APC pre-cultured with anergic T cells were strongly reduced in their 
T cell-activating capacity as compared to adherent APC pre-cultured with non-anergic A2b cells 
(Table 1). 



1 0 Table 1. Anergic T cells down-regulate the T cell-activating capacity of adherent APC. 



Pre-culture with': 


non-anergic A2b 


anergic A2b 


Proliferative A2b response (cpm SD)' 






5 lxl0 5 A2b/ml 


48±0 


18±0 


2xl0 5 A2b/ml 


2,676 ± 384 


235 ± 88 


4xl0 3 A2b/ml 


67,929 ± 3,375 


480 ± 105 


8xl0 3 A2b/ml 


32,802 ± 1,688 


425 ± 136 



20 Splenocytes were pulsed with peptide 176-190, and cultured with non-anergic or anergic A2b cells in 6 wells 
plates, as described in materials and methods. After overnight culture, non-adherent cells were removed. 
Adherent cells were washed twice with Iscove=s medium (37°C), and A2b responder cells were added at the 
indicated concentrations. 



1 After 3 days of culture, A2b T cells were collected, and the proliferative response was measured by 
25 [ 3 H]thymidine incorporation for 16 hours. 

[0032] Anergic T cells down-regulate the T cell-activating capacity of in vivo activated APC 

Finally, we investigated whether anergic T cells were able to down-regulate in vivo activated APC. 
Lewis rats were immunised with Mycobacterium tuberculosis (Mt) in IFA. After 14 days, the 

30 draining inguinal lymph nodes were removed, and the T cell-activating capacity of in vivo activated 
APC was investigated either in the absence or presence of anergic A2b cells. Fig. 6A shows that the 
capacity of in vivo activated APC to stimulate polyclonal responses to Mt was dramatically reduced 
in the presence of anergic A2b cells. Similar results were found when Lewis rats were immunised 
with MBP72-85 in CFA. The T cell-activating capacity of in vivo activated APC to stimulate poly- 

35 clonal responses to MBP72-85 was completely abrogated by addition of anergic Zla cells (Fig. 
6B). 

EXAMPLE 2 

[0033] In vivo experiment: The disease modulatory potential of tolerogenic APC is analysed by 
40 performing the following experiments in the adjuvant arthritis and experimental autoimmune 
encephalomyelitis models: 
Ex vivo induction of tolerogenic APC: 

1) Naive Lewis rat APC (B cells, macrophages, dendritic cells) are isolated from spleen, blood, or 
lymph-nodes and pulsed (IxlO 7 cells/ml) for 1-4 hours at 37°C with synthetic peptides e.g. MBP72- 

45 85, hsp65 176-190, in the absence or presence of other arthritis- or encephalomyelitis-associated 
antigens. 

2) After washing away the excess of unbound peptides, antigen pulsed APC are incubated 
overnight at 37°C with (non)anergic Zla or A2b cells (4xl0 5 cells/ml) at a ratio of 5:1 in 5-ml 
cultures in 6-well plates. (The encephalitogenic T cell clone Zla is specific for MBP72-85, while 
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the arthritogenic T cell clone A2b is specific for hsp60 176-190). 

3) APC are recovered from the culture by depletion of T cells with dynabeads (5 beads per T cell) 
coated with anti-TCR monoclonal R73 and anti-CD2 monoclonal 0X34. APC-T cell cultures are 
incubated with dynabeads for 30-45 minutes at 4°C while rolling, and T cells are removed via 
magnetic depletion 

4) Tolerogenic APC (0.02 - 2xl0 7 / 200 jil) are injected intravenously in Lewis rats immunized 
with Mycobacterium tuberculosis (Mt)/ IFA (5mg/ml Mt in IF A), intracutanously at the base of the 
tail, to induce adjuvant arthritis (AA), or in Lewis rats immunized subcutanously in the hindpaw 
with myelin basic protein (MBP) or peptide MBP72-85 in CFA to induce experimental 
autoimmune encephalomyelitis (EAE). In each experimental group n=5 rats are present. The 
following groups are compared: 

In EAE: 

i) APC prepulsed with MBP72-85 and incubated with non-anergic Zla 

ii) APC prepulsed with MBP72-85 and incubated with anergic Zla 

iii) APC prepulsed with hsp60 176-190 with anergic Zla 

iv) APC prepulsed with hsp60 1 76-190 with anergic A2b 

v) APC prepulsed with MBP72-85 + other EAE-associated, e.g. MBP or PLP (proteolipid 
protein), epitopes recognised in Lewis rats and incubated with anergic Zla 

vi) APC prepulsed with MBP72-85 + hsp epitopes recognised during inflammation in Lewis 
rats (e.g. epitopes as described in WO 95/25744) and incubated with anergic Zla 

vii) Idem v) but incubated with non-anergic Zla 

viii) Idem vi) but incubated with non-anergic Zla 
In AA: 

ix) APC prepulsed with hsp60 176-190 and incubated with non-anergic A2b 

x) APC prepulsed with hsp60 176-190 and incubated with anergic A2b 

xi) APC prepulsed with MBP72-85 with anergic A2b 

xii) APC prepulsed with MBP72-85 with anergic Zla 

xiii) APC prepulsed with hsp60 176-190 + other arthritis-associated epitopes recognised in AA 
in Lewis rats (e.g. epitopes according to PCT/NL99/00189) and incubated with anergic 
A2b 

xiv) APC prepulsed with hsp60 176-190 + other hsp epitopes recognised during inflammation 
in Lewis rats (e.g. epitopes according to W095/25744) and incubated with anergic A2b 
cells 

xv) Idem xiii) but incubated with non-anergic A2b 

xvi) Idem xiv) but incubated with non-anergic A2b 

5) Disease activity are scored in a blinded setup. For EAE the disease activity are graded from 0-5: 
0, no signs; 0.5, weight loss (>5g); 1, limp tail; 2, hind leg weakness; 3, paraplegia; 4, paraplegia 
with fore limp weakness, moribund condition. Disease activity in the AA model is scored on a scale 
0-16. The severity of arthritis is scored by grading each paw from 0-4 based on erythema, swelling, 
and deformity of the joints and evaluating the weight loss. 

Tolerogenic APC are injected at days: 0 (Day of disease induction), 7 (After disease induction, but 
before clinical signs), 10 in EAE model (Onset of clinical signs) or 14 in AA (Onset of clinical 
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signs), or at day 20 in AA (During the course of arthritis). These experiments give insights into the 
specificity of the immunotherapy with tolerogenic APC and into the capacity of such cells to 
prevent disease induction and to interfere in ongoing disease processes. 

5 EXAMPLE 3 

[0034] In vivo application of tolerogenic APC: 

We found that anergic T cells can suppress T cells recognising other T cell epitopes provided both 
antigens are presented by the same APC. The key player in this phenomenon is the tolerogenic 
APC. This finding implies that in vitro induction of tolerogenic APC can be achieved by using an 
10 anergic T cell clone specific for a standard or artificial T cell epitope, and that subsequent loading 
of the APC with peptides relevant for T cell epitopes involved in the disease processes ensures the 
specificity of the immunotherapy. The following experiments apply to the two disease models: 
In EAE: 

i) Transfer of APC loaded with hsp60 1 76-190 and pre-incubated with anergic A2b 
15 ii) Transfer of APC loaded with hsp60 176-190 + MBP72-85 and pre-incubated with anergic 
A2b 

iii) Transfer of APC loaded with MBP72-85 and pre-incubated with anergic A2b 

iv) Transfer of APC loaded with MBP72-85 and pre-incubated with anergic Zla 
In AA: 

20 v) Transfer of APC loaded with MBP72-85 and preincubated with anergic Zla 

vi) Transfer of APC loaded with hsp60 176-190 + MBP72-85 and pre-incubated with anergic 
Zla 

vii) Transfer of APC loaded with hsp60 176-190 and pre-incubated with anergic Zla 

viii) Transfer of APC loaded with hsp60 1 76-190 and pre-incubated with anergic A2b 
25 Experiments are performed as described for example 2. 

[0035] These data provide evidence for the use of standard T cell clones in vitro for the induction 
of tolerogenic APC. For immunotherapy of T cell mediated diseases, this would imply that the APC 
need to be isolated from the blood of the patient. These APC should be loaded ex vivo with the 
30 standard peptide and the specific disease-associated peptides, and incubated overnight with the T 
cell clone specific for the standard peptide. A panel of standard T cell clones is selected for ex vivo 
induction of tolerogenic APC covering the most frequently used MHC restriction elements. After 
incubation with anergic T cells the APC are recovered and injected i.v. in saline. 

35 Description of the figures 

Figure 1. FACS analysis of the T cell/APC population after T cell depletion using magnetic beads. 
A2b/splenocyte cultures were stained with anti-TCR mAb R73 (A) and anti-CD2 mAb 0X34 
(B) before (shaded histograms) and after (open histograms) T cell depletion. R73 hi8h 0X34*** A2b 
40 T cells were absent after T cell depletion. (C) Isolated APC were stained with B cell-marker mAb 
0X33 (open histograms) or with isotype control mAb UD15 (shaded histograms). Similar results 
were obtained for T cell clone Zla (data not shown). 
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Figure 2. Anergic T cells down-regulate the T cell-activating capacity of APC in an Ag-dependent 
manner. Peptide 176-190-pulsed splenocytes were cultured overnight with non-anergic (solid bars) 
or anergic (hatched bars) A2b (A) or Zla cells (B). After overnight culture, T cells were depleted, 
and the T-cell activating capacity of APC was investigated in a lymphocyte proliferation assay 
5 using A2b cells as responder T cells. On the x-axis the amount of exogenous peptide added during 
the lymphocyte proliferation assay is indicated. One representative experiment out of 4 independent 
experiments is shown. 

Figure 3 Anergic T cells induce linked suppression via down-regulation of the T cell-activating 
10 capacity of APC. (A, B) Peptide 176-190-pulsed splenocytes were cultured overnight with non- 
anergic (solid bars) or anergic (hatched bars) A2b cells. (C, D) Peptide S79A-pulsed splenocytes 
were cultured overnight with non-anergic (solid bars) or anergic (hatched bars) Zla cells. After T 
cell depletion, the T cell-activating capacity of APC was investigated using A2b cells (A, D) or Zla 
cells (B, C) as responder T cells, in the absence (med) or presence of exogenously added peptide. 
1 5 The data are representative for 2 independent experiments for each T cell clone. 

Figure 4. Anergic T cells down-regulate the T cell-activating capacity of in vitro activated APC. 
(A) Peptide 176-190-pulsed splenocytes were cultured with non-anergic (solid bars) or anergic 
(hatched bars) A2b cells, or with a mix of non-anergic:anergic A2b cells (1 : 1.5, open bars). In 
20 mixed cultures, anergic T cells were added simultaneously with non-anergic T cells (t=0) or 6 
hours later (t=6). After overnight culture, T cells were depleted, and the T cell-activating capacity 
of APC was investigated using A2b cells as responder cells. 

Figure 5. Peptide 176-190-pulsed splenocytes were cultured with A2b cells in the absence (1 : 0, 
25 solid bars) or presence (1 : 1.5, hatched bars) of anergic A2b cells. Anergic T cells were added 
simultaneously with non-anergic T cells (t=0), or 6 hours later (t=6). Proliferative responses of 
these mixed cultures were measured after 4 days. One out of 2 independent experiments is shown. 

Figure 6. Anergic T cells down-regulate the T-cell activating capacity of in vivo activated APC. 

30 (A) Lewis rats were immunised in the base of the tail with Mt/IFA. Ex vivo (day 14) draining ILNC 
responses to Mt (10 g/ml) were measured in the absence (solid bars) or presence (1 : 0.1, open 
bars; 1 : 0.3 hatched bars) of (non) anergic A2b cells. (B) Lewis rats were immunised with MBP72- 
85 in CFA in each hind footpad. Ex vivo (day 10) draining PLNC responses to MBP72-85 (10 
g/ml) were measured in the absence (solid bars) or presence (1 : 0.1, open bars; 1 : 0.3 hatched 

35 bars) of (non) anergic Zla cells. Results are representative for 1 out of 9 different Mt/IFA- 
immunised animals, and 1 out of 3 different MBP72-85/CFA-immunised animals. 
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CLAIMS 

1. An isolated tolerogenic antigen-presenting cell (APC), the tolerogenicity being 
induced by treatment of an APC with anergic T cells or active components or analogues 
thereof, said tolerogenicity being characterised by a) reduced induction of T cell activation 
upon T-cell receptor ligation and b) a dominant tolerogenic effect 

2. A tolerogenic APC according to claim 1, wherein the reduced induction is such that 
T-cell response is inhibited by at least 50%. 

3. A tolerogenic APC according to claim 1 or 2, wherein the APC is selected from B 
cells, macrophages and dendrites, in particular from B cells and macrophages. 

4. An artificial cell in the form of a liposome having the immunologic characteristics of 
the tolerogenic APC according to any one of claims 1-3. 

5. A pharmaceutical composition comprising a tolerogenic antigen presenting cell 
according to any of the claims 1-3 or an artificial cell accoording to claim 4, as a 
therapeutically active component in combination with a pharmaceutical^ acceptable carrier. 

6. A pharmaceutical composition according to claim 5, in a medicinal dosage form, in 
particular in the form of an isotonic solution suitable for injection. 

7. A pharmaceutical composition according to claim 5 or 6, further comprising a 
therapeutically active peptide or protein. 

8. A pharmaceutical composition according to claim 7, wherein said therapeutically 
active peptide or protein is selected from auto-antigens, allo-antigens and allergens. 

9. A pharmaceutical composition according to claim 8, wherein said therapeutically 
active peptide or protein is selected from myelin basic protein (MBP), myelin 
oligodendrocyte-associated protein (MOG), collagen, heat-shock proteins, arthritis-related 
peptides or proteins, Der PI, Fel Dl, acetyl choline receptor molecules, and Major and Minor 
Histocompatibility Complex-derived peptides or proteins. 

10. Use of a tolerogenic APC according to any one of claims 1-4, for preparing a 
pharmaceutical composition method for the prophylaxis and/or treatment of auto-immune 
disease, allergy or allo-graft rejection.. 

11. A method for inducing T-cell tolerance, comprising administering to a subject 
requiring such induction a therapeutically effective amount of a pharmaceutical composition 
according to any one of claims 5-9. 
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12. A method according to claim 10 or 1 1, wherein the subject is suffering from any of 
the diseases rheumatoid arthritis, multiple sclerosis, psoriasis, diabetes, T-cell mediated 
allergies and allograft rejection. 

13. A method according to claim 11 or 12, comprising deriving antigen presenting-ceils 
from said subject, making with tolerogenic using T cells not derived from said subject and 
rendered anergic by treatment with an antigen not related to the disease to be treated, and 
administering the tolerogenic cells together with a disease-related protein or peptide. 

14. A method for producing tolerogenic antigen-presenting cells (APC), comprising in 
vitro culture of antigen-presenting cells in the presence of anergic T cells or active 
components or analogues thereof under tolerogenicity-inducing conditions. 

15. A method according to claim 14, wherein said T cells are derived from a T cell line. 

16. A method for producing a soluble factor or factors responsible for the inhibition of 
antigen-specific T-cell response, comprising detennining the difference in expression of 
cytokine between activated antigen presenting cells that, have not undergone the treatment 
according to claim 14 and tolerogenic antigen presenting cells obtainable according to the 
method of claim 14 or 15. 

17. A method for producing the nucleic acid sequence encoding a factor or factors 
responsible for the inhibition of antigen specific T-cell response, comprising determining the 
difference in mRNA expression of soluble factors between activated antigen presenting cells 
that have not undergone the treatment according to claim 14 and tolerogenic antigen 
presenting cells obtainable according to the method of claim 14 or 15. 

18. A method for producing a component or components responsible for the inhibition 
of antigen specific T-cell response, comprising determining the difference in expression of 
cell surface expressed protein between activated antigen presenting cells that have not 
undergone the treatment according to claim 14 and tolerogenic antigen presenting cells 
obtainable according to the method of claim 14 or 15. 

19. A method for producing the nucleic acid sequence encoding a component or 
components responsible for the inhibition of antigen specific T-cell response, comprising 
determining the difference in mRNA expression of cell surface protein between activated 
antigen presenting cells that have not undergone the treatment according to claim 14 and 
tolerogenic antigen presenting cells obtainable according to the method of claim 14 or 15. 
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